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A11STRACT

Over a series of years5, the communication matchinery was analyzed which
serves to bring together intimately ascociated species in the sea (symnbioses).
The machinery ioy involve many types of stimuli, with visual and chemical per-
haps the most important. The function of these signals has, to as great an ex-
tent as possible, been considered again~st the background of the ecology of the
specific organisms themselves and the physical nature of the environment in
which they ms.W be found. During the most recent yeers, emphasis has been placed

on the function and efficacy of chemical signals in the marine environment.
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Clismamig-izm and I Iaidm-m had strolled onto the bridge over the I-ao, whcn
the former olncrvd. See how the minnows are darting abodtl T"at is the

pteaslarc of fi~es:
"You not being a it yourself." said Hui-tzu. "how can you possibly know
in what consists the pleasure of fishisY'

* "And you not being L." retorstd Chuang-tzu. "how can you know that I
do not know?"

Chou of the Autumn Flood--

3rd Century D.C.

1. Introduction

Symbioscs provide a world of interest for the studenit of animal be-
havior. An approach to them from the behavioral point of view reduces
itself t0 an investigatio, of information exchange between two or mov%



l~(~L.icl )~~l~sof Iilic) iig t )iuJIv.\ity, lcIe lijleCsil of tIllc)

* (1:1togitig sySIC1115 ill tll It (Iciii IltIlt(,N tile ( 'illh-Nit). of a 1)(1lOi 111bil

JitIi~l0I'itGiI
tile olilaizatii ([ilf the I cxdt~lgiI .N yIctils (Ii Ille "ligltil fiii tx

f -llii pobIittitl) ldct ouh lloIl I is lot lis if) itlv(h~ic ;1l ttic

.151at loll.

Ill tis (01olititi.ll)lIel .lvt W all foide Iit those 110.2 j12fir l)CliIi I
mt Is oI r j~iCs VI wh i 51 I s hiti II tionl II Ill illgiiii4 syiilI)ili( j)Il 111(1

together. or- of IIlaillitiiig theCIti ill ;aSsol i;16u11. Pl
t iIiu ei'~ '1 ,1iSis %%ill

be gi\.II to luveitl, qIlil titlhiki.tl Iiu%.Ist Ii 1111. mivi( q't, lostally itivoh tug

1I166011, ;111(l to tile pllysiologic al III.,-1liills wuitioliiijig soil .I(.imit).

Noattempjt Nvill ILK made ito !,t; descriptively all-inclusive ill our1 koiiidci;i.

tionl of tis itchlincry. A litimlber of case liistois faiiar to tile writer
will be presented in an effort to indicate how thc student. of arn;i be-
havior may appiroach the nvestigation of symibioses and the experimecntal
techniques lie nia) uC.

-nt c rceding irin.n iivi 2e is tuislio rablc i foilut: r cricerfl
og tile IilorphOlogic1l; juhlsvslogical, and hiodiCillicaI (hoongeS thlt hateC

occurred in thle course of evoluition of symtbioses. However, in tlhc gi cat
11ajor1ity of such partnerships, thici i.% less iiiforiiisat ii (oiicei img tile

natural ecojinmiics of the paitLIII'ship) or its members. This infoinmatimi,
which determsines whether a jartLictilar synibiotic association will be called
a conmmensal, muttalistic, or parasitic one, is %0 spiarse iui most. cases that,
for tire basic purpose of this c-hapter it will be to) a gt cat. eXtCIIt di%-
regarded. Jai tile examiunation of the behiaviouial nitachinely, that eflCt%

- and mnaintains a-n associationI, theC ecoIIoIic iclationslip of thle paltlils
concerned is a secondary cuiNideratioii, even thoughtl anly benefit accruling
to a pa;rtnIW Mo~st beI what giveCS it 3 SClCCtiVC ads%'ao tai; over its fre-Ch-iving* jrelatives all( thus is pm obably the effctive agent. il tile establishment of

the spccializcd bellavzorid nuaclsuncy.
In a stimulating series of recent rcview! Scenk (1963) reenphasi.-es

thre contention of the great lanigoagc psychologist Bitilcr that "a s,,stenli-
atic ext hangc of matter is inconcci%-abhe withot il scconilpanlying ex-

* cI: loge Of Signs.' In this C1laJ)Ler, eijilsis will be placed on tile cxi hange
tint of maitter buit o, signals. We shall appr-oacis a symb~iosis as a social ell-
tity made upl of inf~orniation-excilanging associates; thc terms corncnisal,

* parasitic, mutualistic will be employed rarely anil then only when we
have objective cvidence to support their rise. In any such entity, pzlrticl
larly one in which the members are animals but also any in whic-h the
motile invasive stage of a plant or prouistan is involved, specialized seek-

ins behavior may be ex~iibited. If such behavior is exhibited by only onseI

0 - om W N 44 4 - -



tlAi N~AIAvS% OF5 IiK5AVI~ak IN SyII(%*%3H3

Imi-niev, tht sii om lili-vioarls lsaiit 45f view it is thle I(Iiv. "Sccker."whsile it-. d%%4)ialt. teven I Ilotigll it islsy heiselit by (Ile ;1s%5Cn;at 11)1) i% the

passise Ils sltdsl. If sitsiil lwVias canl be delmonstrasted ill both parillels
lli iN plli aItt evideic sa Smut 111tiasliii.

We it-leit it illc. ;as shvl)s. lot a Il lassahs ill ~ll evaioai. I lass'ssg liltie

l 11 1.1ii1iiltlililt olil l15ilt- 444111111114 al selet live ;alvasslagt! acs 511(41 lay ally
MR Tiv,, ill a laimtsst-%1411, p11 i al~il') ill loe a iasl sysIliaoss. wse
(.5ill old) tl14-416/4. tabotil it. Yet it is lIliie I IlI fla~t ill ialimy Nyloislic

iet% %sjatxih4lclt(si hlas evoalved ilmi is difli-rrul sosin ilamat of their
fse-hilistg iTh ie. lese IWhiavisaal idicasyitciiicich (:Ill le predsely
a(Clntlifell allti tile valiatioaI ill siliiulatory pasrstsseters eliiting thems
4 igois at sl y ii , g c

Ai ;lit examleI of tilet wsays ili whit ] it msay bie paossible to think aboult
the couirse of evoalution and the accomnpyintg dev'elopmntt of spc-cialiiedl

btehavtior inl sym~bioses, we may (,o well to consider initially that symbiosis
bes.t known to all1, thle patrtnetshij Man-Dog. If in the course of this
toitsideiritiois we are acCelleuI of :lathop~omorphlism we have bu~t to quote
(;htiang-t/is or the somewhat more recent Cavri~a of Dcthicr (1964): "Yet
without a dlisciplined ;ttithropxosnorp; ism inquiiry inlto beh.,.'ior is hob).

61d c lthae Dogyin as~soition wc arc dealing with a system of ex.
treiiecomlextyillwhih bthpartners. being hlighlly organi/ed M m

utlalia. possess Clahleyo nomto xchanige and storage far more
CINien tan 10 il liellbes o th mjortyof partnrtships we shall

ro4)ide~lr. This 1)arltshipa aiose timing thc Pleistocene or earlier, cvolv.
ing from i sitition in whsich Dog. a free-living specics, moved into thle
or-bit of tile rehman famnily andc gasined a selective advantage from tihe
in(iL-.Iedl food suipply. by scrounging tidbits from its more intelligent.

* predtosy.and efficient host. The prehistory of this association can only
be Conljectured. but it is clear that by the tiltimate acceptance (if Dog as
:I workin~g patnr Matn changed the entite colti-se of evolution of Dog.
Dog is, as I resuilt of genetic experimnents carried out by his par ner, en-
albled to tindertiskc cotintless new activities which never ap1 pealed in
satur 1104io to his dlomestication fronm tilc free-living Condition. These'
:sie withouit doublt the restult of ste selection and recomni.tation of genetic
trails which were present in Dog's free-living ancestors. In tect, Dog has,
'is a result of specialized activity by his symbiotic associate, undergone all

lhe first steps of behavioral speciation which appear to be maintained in
pu)trity a-, long as genctic isolation is ma~intained. A mastiff, boxer, or
Doberman may be a better ranch guard than a Chihiuahuxa. An Afghan is
a more effective courser of game than a Pekinese. If isolation breakii
down, then the genetically determined specialized behavioral character-
istics established by Man tnay quickly disappear, mudh to the disgust a 06



ft Illc hltict44i0 We hlaCIl(%. in 4 LiI 1" ).i Il~V ia% i te c loil i i ( oil-%S~

(c44. 41 1) Ith IjI1 imp ll i11 4. i )Il-1cc)4(ig of i~ Scl (i ;gt eic 14E

-' 541Ivi 44t1( l ew itit ies llkin in lt11sit.6 i ii o~sil .11111 Yc.;at l~g l (uI :11

%%VI)141 Itollit illl ls .\Ill fi Iiall shep lg .11 sit ti inicy it- ionc o f~a il

1t~4 ( ili,1 .11 :4lo Ilt ion. Tl h )C i s ti l y is- ( IC4)hie thatu we) hatcJt4(itl

gCnlii . clee ilil l)CIIavi)l al 1 4)l)Ilid)Il115ii in tile sinigle %)(lll)41LJ4

W11.11e, aNI~l, NIllC51 N)dli(Ctily 11'111 ofI~ ati other lialtild Man In:h

CiIloll f Dog ta tas theopedo M win's halel Opin ril (oeitli(tl

tli ii selt li e a dvanitatges of ~s~nwtIsllphs oltly illki ten Ms' poogta

vohu jolt Some clog estin s it oal Someia wh(ile le Mans illC:

p ritiv Ma I (YM jcal st)ate Is It I.]1:gve als I 1.1i II dei 'I I aiis I;I(t osI
aideed Dog iSa shtiake te plceiofi NA own I tati( in saidn Ieihmdr

emionasltlt fand ahl ehntigeaill rit eioshi) ']'er teiesa ltle dmust

thaestj fet tile astsocifaoltion of thn wither Dgf as 1101. Ol lC'dMals h
(al rnhnioa by icrein hiscu etirty. The syisis whileDoe is inot
prheisive sinl'a theUnte bito has itlso il nal h tiine els II n wrays

arira,ci his beavisoal evlu itins An th iultrt varatin i OlSIetnite

tin r esut ing~ii feed a cage htia to a )rel iip ofth eliitn o mttchs

U iiessrl a.lt te cim of5 evoludo kept ie her, atsnc weh t of tireI 0sym iosim Is 01 dicrtegli cyaue etit lr. Ilm ii Man-Doi in not

thal oti Wiun the teoKngdomt eaes ok n Oaw orha Do ays In of he
itarin (logs t e cn -ls iie ;tl wie neosre Ia

in a resau nytoe prlet sta 1) boerorn rakingethciringesold coiti

.101panin tol rrEngand arey cante etcered. One astcatio le

foresee a time when as a result of humran crowding large dogs will cease

to be a part of the social environment of man.
To conclude our digress *ion, it may be observed that it is possible to.
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tI~ 5 i~l~I)C5it1* , i y Olc iV C Way~ ill tile lprulscctiof of (Merain basic .

leseat.IC5 -wli i haI~ve 110 direct bcairing on tile symbioses per se. 'I his
has ceitainly Inmei timC o1 the symbitosis Man-Dog, for cotiillcs highlyr
sigiiilim il m~ieiiilic aclsanics have beeni made by Man using his pariller
lDOg a% ;11i VXjKI iiitlVtII .Sli1)jC-t-iII biillogical 01 ,ncchitail iC54!ilthI. (JIcali y,

* here, the avis~~at ion is para~sitic.
Adiintedly MM 11~ of tile aboive is (onjeCttiral. It is Atubmlitted merely

it it leign for tile U jjloqaci we blal IIo1w take in coi is i crini, tile ex-
IWiII icil ,.! ;.ibgIy of bhvior m iii symibioses which are far miore amilena ble

t to iinvestigation than tile com1plcx, tontintiotsly varying, antd sonicwhiai
knpredictable iissociations. between Man and isis domesticated rtflcrs.

If. An Experimnental Cose History

kitliotigl prior to 1930~f a number of preliminary inVCStigations% Were
coiidiicted onl the theinical resjinses of the invasi%-e stages of parasitic
lialwoilis (Faust and Melency, I 921; Blarlow, 1925), it was not until 19.10)
0LAiIIt Ilj)Iiail tCXJ1criilts were performed which demnustrated tile

iiil iine iis! ui tile w bc a v r of a is a saucja tcd i nvcrtebiat mc a y, be pic-
ciscly (t)Itrolled by tile receipt of specific signals from its host. Johnt Ff.

Wshrce.9TheofsivdUivero stit deosrtta the . mite an ie be

2 ~ ~ ~ we it r 'es byde he mia introdut n msaterial from it~ h so hti Wsing

Ili latet experiments (1951), Welsh isoiked with .series of three mite
species inccItiline with three distinct species of clams. He showed that il
each mite species such reversal of tht light response could be brough,
about by material from its host alone. This work is highly significant,
for it not only represents thle first demonstration of a high oidcr of

stpecificity in the transfer of chemical informiation from host to associate,
b,,t it also represents the first, andi indeed uthe only, demonstration to
dlate of the effect that a specific chemical sign fromn a ho-st may have on
die response of it. associate to a difjcrcri stimulus, in this case light.

The demonstration of this phenomenon is significant enough, regardless
of its importance in the control of the symbiosis concerned. However, it

should prhaps be pointed out that although the response reversal ij.
probably, as will be seen, of adaptive significance, the first demonstration 4

of it was to an extent 4ctuitow. Yet the yM fact that this dramtatiot,

7-4
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ofCInI igh~~l l'(jwal pn III(- (l kvai~cvidclue (if file vdltic ill

beenI stressed before ill a pll jmnis lptulli(.Itio)I (Das'ciipmut, l1955). InII

15timdCII t o 0 eli .i s 101 hIS aI4ll~ II s CI~ ~lmli relat Iionsh ip ili n I,

inI OneC s~ense, is iatlici UIiqIIC inll tt te experirncitcr (;fit nmanipulaute
-Yc soulld 'y 501cOf Stilllil I (i.e., tlc 11(15.) fOr it$ SM ;i lte ill R W ~y ini

* ~frcc-Iiiig Oigaiiisi canl nc'vcr he mIa;niplahted. Tisi IIII(ItIienes is ar

ticulady trueC inl par tnerships In which ilic host rele-ses filto its crivironl-
ment specific chentical signals which may efirit ic.%iCse from its as.

sociate niftt'r it ha~s becit remloved frm the system. This pheIOInono, of

file (li~lIiikl hi1411 WL'eI Mel Wii.tll a read~y .%iiil1tC 01IIlilCial withI

~sh ich tte isaL'-C Of ti Msg (thermal: Stab~ility, S( IiII)ilit, CI. ayb

investigated. Saimilarly, this manipitlability confet upjonl tite experimenter
a ulnique Opportunity to investigate stin'ulus-respc-inse chains of a high

Order of specificty. Thse frecluently extreme specificity should, in tuiln
give 11s an Opportunity to learn more about sninhods of transdluction ill
benscirs and fihe manner in which specific iniformnation is coded during
transmission and initegrationl. As will be seen below, there is csery pos.si-

Although ~ ~ ~ ~ ~ I fu-hrwr a o enc ied ouoil ti leC Clail Ini I
assoia.ion f Wlshone(.infoisce all 16ance of fulndamenltal inipor.

tanlce when tie reversal of thle light response upon stimrulation by a

thac r(e pstiin to wih mayen pyat under the influence of host.
facor thetimng i wichmayin artdepend upon the stage of die-

velopment), they become negative to light, descend, and ate carried into
the incurrent siphons of their hosts. A final question arises when one
contemplates the reversail of sign in this partnenhip. This is the extent
to which conditioning or lcarning may be concerned in it. It is possible
that an answer may be gained in this case by a careful investigation of the
relationships between responses to the two stimuli concerned and the

relation of these responses to time.
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IIll. The ldiintifiration of Mediating Machinery

The cVwlvl 01%O WONr VcI iaay he2 SaidI to have C'sI~lbia.lICd a ptttCI 11
(01 IlI ~Ca KiIIWInt;aI 111,11Y.iS of hiiior ill symbi)oses,. Froi Illein it
IN'4amlt' ampmlciit thlm~ one Illust asl; firs~t of allI whamt joris of thfamlai
cGm~. Ime% dW IiVV pImMeuIn(1 Ilt11 d,.%Wkiatiom to '.%cek" its host. Iliey

** 1% eI%labII)i~lt(N fime iIlt~l II;II(C Of fIi~tCIlilfg what;1 lniqemeO XIwIiiVi', Ilk-

t. 110111 ili ofI thle -A-eker's fmavelivitig relatiives, is exhtibitedl by the
*active parimicr. time miqucncaa lying in the adaptive sign I icamlcc of the

- *.. behavior in terms of it& importance in effecting or mnaintaining the syin-
bai.Teauthor's thinking-about this nmachinecry wns in turn affected

INVI

Fic. I.- Ttic bec 4Andrnn tramneranaa and~ its partner in pAcudoopuiaton, the
orchid OPljrys fusca.

il the late 19I10s by his becoming aware of the advances made by the
eilhologists (Lorenz, Tinbergen, Baerends. Thorpe, etc.), who demon-
strated the evolutionary and ecological significance of a precise iort of
information exchange between membeis of the same species. As is now
well known. this involves the evoluition of sp~ecializedI structumres or move-

S mcills whi(i scrve to elicit spccific alltive ilespoiises from other inim-
* Iers of thle saim' species. Thclisc strutctures or movements are termed *r-e*

lcabcrs_' Bacmcatds (1950) pointed out the importance of this specific Eype
* of information exchange in symbioses using the now famous cae Of the

relationship betweena number of orchid species and certain Hymenop.
tera (Fig. 1) in which the hiymenopterous insect craiia-iertilime the oychidm*
during an attempt to copulate with the fioiret. Clearly here the almoist

L7
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id sj~ce invlve il Stichinik

fon h Ilaic ls of their ahsswi atedii hyii i c rou% ei nsp i.cs Witl a hiigh ircler
ol f ' i(it v. i ieecl dwiiic sig (a p~wa~r to Ii iggel (l ie colluilai wry

proved . llcrend siAlys: -iTe orci-dile e C speci ally feit ilim d I y the insect
as lonig as tile fcnal I IIyie noptnera I ace iit left t ie pupae (tile ula k
u isualily haich finni a week t0 a foitnught earlier). Dmiing tha~t little tile

nids;ie likely it) stiller hout tliiesltolt louwerinig with cgal tI )kd
%exuial ruat on1s,.... One oulght coiiinien t that laend's lose of thle woi d

*iiindic11(1ua tes some ben1efi t at ci-ticd by tile inam I h yinc uio1 lon wilco
lie pelorbs What the Ci kolcigists so dlicactely (call the "c-oiluininatory
-lit" Will)tile odid. Whcthcr this benlefit iivolves anly weetive ;udvan*
taige to tlc insctE is unikniowni. IThat true releasers that havec evolvcd it

et-formna particuilar interspecific fnto arofimportancecnmn

. . . .tvixs of symtbioses is clear; another case in point would be, of course, thc

e'oluiiori of stich structures as honey guides in certain angiospeims such
as the forget-me-not which in strongly reflecting ultraviolet light appal.

-enaiy proivide a clear target for the nectar-seeking insect, In many cases,
howetcer, the releasers concerned in such mutualistic associations have not
been idlentified.

We shall, however, have Lutle occasion to use the termn "releaser" in
-.. thle disctussion that follows, In almost iall cases involving animals and4 many involving plants, the association, being a unilateral one (either

comnmensal or parasitic), 11erely dCmnlaiuds recognition by thle seeker
of soine stimtilus or pattern of stimuli from its host..Stich a stimuilus may

j ~be hig'.'y specific in its action withotut the implica..in thuat it has
evolvedi as a special inechaissu fulnctioniing to attract the seeker. For such

-: specifically acting information we shall use tile more general terms "sign.

stimutluts" or* "signal" whether or- not the specificity of the total marhlinekty
concerncd depends uipon the nature of the signal itself (i.e., a character-.

* . istic of thle sender) or upon particular physiological mechanibms intrinsic
.' in the receiver. We have no great quantity of knowledge at band concern-

ing the nature of the signals which effect symbioses, but they may, of
course, be classified in the same way as any other sort of sensory informa-
tion received by an organism, i.e., they may act via photoreceptors, mech-

* anoreceptors, chemoreceptors, etc.

...



IV. The Role of Phatorecoptlon --

Syilli~iiN.ii~i~ii'CIcbINoiIscS to ph~i stititili riiige aill iw waiy frofn

simple kiii i or taic icslnmrses (4o lighl. Which (mlay) serve ii, ill( iei%f
the probilability of litstililtg. III jwlit-ctioli f .1 %JliLIII iiiiiaJe ofile
llcsilt 1ii alls mtiale. v~Isis ;Iboiv-(-Nih(5 llcKHI-itliiII -ooilk. ato
41.11111i )IC Oft It1Ce It-it. I AT% (lill ii is elt-gantf alla lysis 4.. iiii. Stiill y
ph ys io lo gy (if Ili heivcp lt ik Ixode, has sliowat hiow uii cc ii( ik i e- lotiti

to a suI(denI~l 11il light iitntity by assinning the "qutcstig piosiioni ili
* which the fokrelegs are cxtcnded rigidly to the fron t, giving the aium

*au1 air of tellsc expectancy. 1tis increases the dluics of the Imia~siie
enciokilitciig its Ilitiin h o~list. Wh li te ick is gorgeul it is strongly
jiiloiolIgiiC iic nd s de inis cdteply itit the~ vegetictioi At the wie cold-
ori the sua-le 41l infloordlIatlic ofi 1 diotic stilitiili, recogilitifiul of clii. cl vi%1titI

4 ~~~~iniiagcs or I a tterlis mtll i e a. Ii I;oi. ir ai 1(1 ill C Icc i ng (Cl-e in c ct c ta diis .
Iii (fie orthi ut Iiynfictiot4)j11 par i tnersh ip. niitil pc i~vides at least the

.tolgest vcruinstaintial ovvidiice that the inale insects recognize the

libel hn of the orchid whiich so mutch resembles the abcliounen of tile
femiaic. Were this not so it would be hard to imagine any nuedianisnm
whicreby this aistonishiing resemublancc had been selectcd for. OJbvioiicsly.
linaly othcr tlcisce s Wnhtilafct spccrializcd behatvior in the sp) intic

:~hl t iccn bCLWCCII Ilycteioptetc andIE thle IIOWer'ing p);lntsII t Ie ros
1"Ci ilize tine1st be visuially iceogiziid by thc insect. )n the rai]( of Illit cue

%)nibioscs, Arnold (1953) piesects good evidence that part of thle teCogni-
* non of the hocst sea-cuctimber Holothau ia iubulosa Gmclin by its inquiline

fish Cavo pus acus (Brunnich) depends uport the receipt of visuial infor-
nization. Fishes which live in associatiols with sea uichins (Fig. 2) and with
giant sea anemnones (Fig. 5) certainly recognize their associates by visuial
means; the author and Dr. Kenneth Norris repeatedly observed the way
fishes of the latter partnership orient themselves toward their host when

* jcievented by a glass pane from receiving any other sort of information
from it.

In another fascinating -vrtebrate-invertebrate association (see Chap-
ter 7). that between a number of species of shrimps [Parachmns y'tca. j
incnalis (Ives' alid P. pedersoni Chace; Hippolysmata grabihami Gordon
and H. ralifornica Stimpson; Steio pu hispidus Oliver and S. scutrllatul
Rankin, etc.] and the nclmerous species of fish whose surfaces they clean,
visual signs mnust be the most imnportanst method of information exchange

in maintaining the relationship. The late Conrad Limbaugh of Scripps
Institution of Oceanography, before his untimely death in a diving ac-
cident certainly one of the world's' eading undersea naturalisu, made a t
number of r'.o, t erelliing observations on cleaning symbiose in t

'47 J,



These billiatily c(0101( 11 s1limuI gci .raIly have it WIJc1 l.IISlkjt.il-1v %1;I.
lio11. ail fretpuVIIly flic Sa,i olt is ,i cikcut a& syIIbli0oi l)1CI1c te
sim it uld a.~. M'larze-atd m11 ej'. /wderrsomi with lonriholr an lale;~h
(LAiet)]. As hads liven m) IK'dtifidly shaown in ~a fili ukcu fly H arry
l'cdiemo.l oil (lie llithuatuialo I-CVC., die crb3mbtccafl "alvctu dic atientionl of
a grmaL varicty of rvv(f fishes by whipping its ontcnuac and by swaying
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1I lpitures I lV(!Fnporl

hat L andII 141 iii Ii I)1 oi a) IIlli)lI l 3Xitionoil m- (Itca r t lit aiemioii." 'I'll i

heititsiol llwq IW of 1lt111(hi sigiliflatte in [lie inait.ienallie if hki pal-

- ~i~lilar %%llIiol%iS. Thei lisi ibhNCIV t Mid .iuui 111) LI) loV iWI Vi) il, (311i15'

* (fcllenvtiy p)1lsiig caIti oittl oulItl tile Way. [en :11 il e wi h like a

Wlup ofl imtIIienCt iltlIvigovIN iaoig (3Itl. Hi tiidel 1(o allow thle

111111, wid i~i % ohIiiig l y hel Otii43t I I lIMA-VV, MS i10S So (111[I I I l(CII t ile
Case, tihele has as1 yet [welli li tl cluit if) estabh)IiI the tX~l(t I Illae of
tilec %ignals whit It eile tile rc%tIC of liei to tile shrillij or vitc Cvcr~a.

All )dlibjective ev'idenice points to a rclatirositip between tile shrimp's
* territot iality and it, diancing, ntnnii-wnvitlg activity, hilt tile ilnjmllrtanh c

oIf these f.4(totS. hai not been experimentally demonutratedl. Certainly (Inc
ofl the IuO%t itloiMt;iut sores, or stimutli for tile fish may he tltc tolor
pait 1 or tile shrinp. E.xpeimickits itmmediatiely come in mind inl whichl
mo'iliih atiiti of tile shrimp's ;u tivity mlid color couild be made, both wsith

tile living antimal (or with ineiels.
Two other facets of tis syminsis reina in to ble eiticidp-cd, both11

* involving inhibition by the shrimp of certain activity of its partners. First
of a.ll one may wonder whethser, as must be tile case in many animals
living with coeinterates, tile shrimip in some way inhibits the flematotyst.
tifliatge of its anemone "oficre." Second, julst what prevents the fishes,
mlty of which are certainly pr'daeciotis onl trtstacca, from ingesting the
%liinip? That somse cizaner-shrimlss which hsave not aS yet dhevelopedI a
flil ly effective inllhitory IlClediaflismf may h~e ingested iby the 1101ie' t0cy
den hlas %(cen leionsil IN!te (Li nhat igii r atI., 06i ); all a pprcCiale
ntiumbier of H.I ctiforttirn have been found inl the stoIItaC s at momas ,
H-ow do suiccessful species effect tlsei. 3)Iot(tion? By color? Special he-
havior? Pediaps the arnennal waving serves to inhibit predlation andi
does not "attract" the. fislies at all. Only experiments will aniswer these
questions. It is fascinating to theorize about the course of evolution of

A this~ asociation, for it wouild seem almos certain that it could only have
arisen between shlrimps anti fishes in which there was a continti danger
of predation by the latter oil the formier; one might question whether any
othcr relationship wouild have beens intimate enough to permit the
symbiosis to (leveil) at all. Muring the course of evolution there may

welhave been a knife-edge balance between predation of fishes on these
shcimps adtheir ability to inhibit tile predation.

V.TeRole of M~chaore.ption

Evnls sknown about the role of the receipt of tactile information
mediated by medsanoreceplors in symbioses We shall in all probability

* ~find some larval symbiotic associates, the metamorphosis of which is "

1. .1 4 PT7P 7 1, .



H. ONFI.Vd (F II.IAVIOR IN IYMIII0SY

t rigge.c.l only Ulxn 'ontact with a, subllst-at(i of tile correct phy.%ira
ni-tuinc. It will i as ilways. Ibe (lillcttl to ibe sure that the physical state of
tile . bstiirae alone is reSlixtoil)le for netaiiorl)hosis antd that a contact-
chrllcaitl Nelse mly not list) he involvetl. lit any snuch investigation a debt

will hle ovrtl by the invesligator to Doigl;,s Wilson, who has so sicess-
fully tletuotisratcul thle inlhirtlu(e ol" .slpeciGi- lhysical aitt (cliiical sig.

li.,ls in cliitiling tle I nletallorphosis or a ntuiiil)er of marine invertebrate
larvae. Under any cirtcutstanc. l)ercel)tion of this sort inust he important

iii Sm)bl)iosCs. P-asi ano and Pan tin (1955) in working with tlte physiology of
the actinian Calliactis parnsitiMc (Coin h) isolated front its host hermit
('tab but attached to a glass plate, noted that the anemone respondIs to
jets of water b)y bending it the direction of the jet. TIhe researches to he
discussed below of Ross (19O), Ross and Stitton (1961ab). and Daven-
polrt r'. (1961) have indicated the mainer in which the physiology and
behavior of tile anemone are highly adalted to its )articular symbiotic
habit. ]assano and Pantin hypokliesized that the mechanic.l response is
one that gives the anetnone in advantage in feeding, when in actuality
it wouli apiear that the response is the first of a series which occur as
the actinian recognizes and attaches to its Lost's shell. It would be in-
teresting to 'determine whether this response to jets of water occur as
frequently when the anemone is. already attached to its host's shell as
when it is isolated from it.

In uninublished work Gilpin-lrown showed that young Nereis lucala
Savigny, the adults of which iare iniqtiline in the shells ihlal)ited by the
limit crab Etipagurist bernlhardus (L.), make small tlhes on tile set
botton, lit a(tiaria he noted that if the substrate on which the tubes are
pla(ed was mechanically disttrbe(l, these young nereids extended their
heads froin the tubes and made searching movements. Although Gilpin-

Brown could not carry these experiments to the extent of observing
colonization of the host, it would seem reasonable to assume that this
response to mechanical disturbance may serve to increase the chance of
the young worm making contact with a passing hermit crab. It would be
most interesting to know more about the nature and specificity of the

mechanical stimuli necessary to elicit this response.

VI. The Role of Chemoreception

Just as the receipt of specific chemical information is of great im-
portance in the mediation of countless predator-prey and feeder-food-
plant relationship, so it is of similar significance in mediating symbiotic
associations. Chemical sign stimuli are perhaps maximally important in
the maintenance of aquatic plrtnerships in general. For some years the
author carried out (for the most part at the Friday Harbor Laboratories

, ,-.F , . ,q . . . -j. . i. ,/ .. mw ~ w P w w
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of the U1niversity of \VashiNlgloli) a seric of iiCvesligatioIIs of the roh of

chemical signals in marine symbioses, directing his ;ttelrtiol larigel' to
PartIClrshiil)s ill which a polyciiete annelid is the active, seeking membher.
In these cxperinents a nutmber of types of apparatus have been us'.,

sort of data at once. The first appjaratuis (Davenport, 1950) consisted of a
* sinilplc Y-tuhe olfactomnctcr (Fig. 41). Two identical aquiaria were con.

nrcte by cross connections to eic arms of a glass .A slight bnd in

Elhe stem of the Y at (A). a stopper with a stop)cock at that point and fouir

I with sea water. and by removing the stopper at (A). to insert a polychaece
in he stem of the Y. The stopcock in the stopper at (A) was then op-ned
slightly and lcads to two pfthe arms opened, allowing material to conic
down from the aquaria The point o-choice (B). With this apparatus, if

" 77 7 -II llc~l ''



8. ANALYSS 01' lEIIAVIOK IN .%YMIRlOSI.% 3

no lwiill l sigi frullt the host were in the systilnl. a Iolyclaele ill posi-

Iiol (A) would oltdiulalily retulaill qtliescent, bill when a lead to the
;ilariil hill ltilliulg the host Wls opelied and lite sigual reac'llcd it. it-

WoulI lalpidly lieiotti, ;ivlivil, Iloving ill) Io the poill-oifchoice (11)
a1d cillerilig i atll Rllns ol this soi wetre s:o"l - - if the imlyrl:tel

tillte Ihll ;iri, ('1111 iil ing sigi, - if it elered tihe arm with unlhilhled

lil, . i'let, llliioll ill' (hlni(il sigial in one or the other a'nis of the Y
cold he ralillnizel ;s a result of the closs-snlll)Iy, thus cotitroiling any
p)ssil)eC valiationt ill light or pl's.ire at the poilt-of-choice (IS).

This alalllis',i t allhotigh elfeclive ill oilr early exjwriicnls, hall cer-
lill Vely dlcllhite shorltConings, aliloig the worst of which was the tediou.I-
Inss of ItuAking eniough rtins using single animals to accrue adequate data
for qiililtific-tioil and statistical analysis. In addition, one coulld rncasurc I
wilh this aip)paratus only one sort of behavioral act, that is, the choice
u;;de by the worn whici preseutcd with streans of differeit nature.
Sttidies could not be conducted oil such phenontena as linear velocity or

itle of change of direction under the elfect of host factor. A further short-
(olilig was that the aliparatus was not suited to test the behavior of
orglliiilli Stich .is cral)s which do not progress along the axis of their
plane of bilateral synnetry. I lowever, with the aplaratls, initial studies
were miade which indicated the imnportance of proee(ing with the in-
vslii.,tioi. hicse studies were conducted with members of a highly in-
ieresiig genus of polyuoid polycliaetes, the gentis ArconoF, the members
of whih inhabit the ainbulacral grooves of starfish, tile surface of Jlolo-
tIiiria, the inllile cavity of Amphineira and Gastropoda. the titbes of
othcr ipolychactes, etc. The recorded ]lost habit of this genus can be

seen in Table I. In our initial experiments we tested the responses of
Arrionoi; fragilis (Baird) and A. pulchra (Johnson) to sea water from
a(tliaria couiaining their respective hosts, the starfish Evasterias troschelii
Stimpsou and the sea cucltuner Parastichopus calilornicus (Stimpson).
Both woruis could discern and Ivere clearly attracted to material coming
from their host. Neither indicated any resp-nse whatever to water from
the other's host, nor did either indicate any response to closely related
nllllOSt star's or Sea tiicnlnbers,

The apparatus is reasonably well suited to gain information about

lite inature of chemical signs, except for the tediousness of single-run

operations. It was it-St found (Davenport and Hickok, 1951) that aquar.
im water from which a host Evasterias had been removed 24 hours

before no longer possessed any attraction for its polychaete associate.
If water from an aquarium containing a starfish effected strong responses,
rather forcible removal of the starfish from the wall of the aquarium,
which left torn-off tube feetor, the aquarium wall, would immediately

~~~.'.",.,.......... .,..-. ........... 7
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.lholil Ow ile ioniSr. I1 a ho ~st %lar was %II~jbCIidled il a Ibolt41gJ.silk bag inl

.11 atutti a1nd1 :114licai ;eilually IemP e(le uiv aler ill illv .1loa llilli)~
it'lildi it B alt it IitBI 14)1 a I3i141 tu1 1)eISV(CS 15 .3114 31)1161111BBC%. If it
last .(.11 lislt lva. sBINIpeoted illal at uI IlaI i 1u i overniighit ill a iamlY/iiig bag.
Ill I e r outs4I IiBide ill d1'(ialy/ilig hag eliet t( l no ttrac~tion. Sp1l ittinig the
l1mg %vEiII a.1/o Wade litll idall b)IotigIII abil)t J)o%i(i IVC BtphJtI%L5.

1:1111y. a~ l i'iimteiotypso p~ttlt-l epa atons ofl lesld i ismi anti ?,el
.tl)ihitS- (11 pa I.* it l hosth, i.e., wasliet. c% imecra ted i~mne it of Pairaiicho-

ofNTi iPeras1ic/ui/its. None of these elicited jpositive resplCS andt.

somle. in1deedl ap~peared to lejl. tile polychiacte ssociates. % hi.
TIVCI bilsy(ol)i'laeVrablt i ie blt sof .1 ia tet!d

aillne ils atC least to lCCOgiliiC thiosts Iy (I1ciUlorcepIlion rII adi.
I i1(Ce. Conicun-elit ly. Willii thle abhove experimnuts, tests were runl Onl tile
well-kiowii associaited jpolyn()it, Ilalosydna brevioos MilbIerg. whiCIt
hadl beeni colcted fromt the tithes of thle large tereltellid Arnbhilrite
?flbiIst (Johnisoni). EAvcn whten as many as 19 large Almphirlite wvere placed
ini a:era ted test amjtiiirili for' 12 houirs, the water surrouinding them
hadu no attraction Whatever for- JHtosydlia; tlistribtition in tile arms of tile

ws idouin. It Was noted. however, thati if this large comnstcanf
lin ('0itAc Willi the tIclicaitc tentac of its host tercbcllid, it woldC mlove
tli ectly a long the tentacle tintil it came in contact with the body of thle
host, whercuplonl it would Wrap itself around tile host.

Thlese observations ledi to a ruunbcr of experiments later conducted
at the Mar-ie Biological Laboratory, Plymouth (Davenport. 1953a). In
the (ase of the scale Wornm AC/LolnoF asIteiCOl (Delle Chiaje) associated
wIth, the starf'ishu 4steroperten irr('gIlaris (Pennant), no respimnse What-
ever could be dlemontstratedl when a huost star was breught within a few
unilliuueters (if the Wolim's head, but if contac was aithersoneo
the polynid was immediate and characteristic. If a tube foot Wast
prescittet to the head of tilc ptolyuioid it wouild cling to the tube foot
and Iwrap) its body around it immediately. This Wrapping response mnade
jpovsbl a number of studies in specificity which wcre of sonie interest.
Tlable I1 indicates the resuilts of testing this polynoid against a number
of star lishes in Plymouth waters. As call be seen from the table. wormis
ieSpioiitld consistently both to the host Astroperfcna and( to the starfIsh
Liidia cimlris (Phillippi). It is interesting to note that the worin is
symbi~otic Withi Luidia in southiern Eur-ope. but has not been recorded withs
it lin Plymouth Sound. The dat indicate that Aclaolo4F responds to sonic

extent to all memibers of (the asteriod order Phanerozonia available at
Plymouth (Astropecton, Luidia, Porania but not Solastcr), to certain
3,pinulose stars (Asterina, Palm ipes, Henricia) but not ordinarily to
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8. ANALYSIS OF 11IIAV1k IN .YMIIIIISR.S 3.J

litiate .ars (4.Irrim, Alartu. avrns, Stira.strella). Tlhis wotuld ap-
pear to imlicte SomIe l)0%ililiiy Of himohlic.al simila'rily etween
ni.|ul%'s o' each grolp. In addi'ion. it w.is pIssible with me E'mUact
Irlllillit. Io dtewlr111n soiilelhilig aoiul the soh1s- and 11.l11eC of Ilhe

+111i ;I IIt ',r h ulnolfi;. Th 11 : i eissl ilt iIIOIl 'ar IEP l1e1a1 to 1 ly

Similar+ It) IliI ill ,IrrE-olloP. alilnioligh the I-Slilig Ie'hnifil|WS Wvle. fir
4111.i.. 11ot ic -stam1e. let ,,chuloi: aiiy ecti-A4111ateriaml froum the h~ost

: 'Iware l to Clichi the Cld"(tC1it OltlIt;cl 1tjf l. and lthere was evi-
4kh.'c Iha1 Ihe stomacih of tie host was the richcst sourcc of chemical
si-mal, I4solated lisue apl).ared to ret;ilt its attraction as lng as it rc-
ma:iicd fresh ;igd alive. Chilling the tissee did not appeIar to alter its a5t.
t1at ion. busltempearaturcs iabove .15'C almlished it. The signal could be
m.lorlied on cottoll ilerely by placing bits of cotton in the slomlch of the
ho..t. If slich hils of Cottohn Were placed ill a moist chanbcr and tested some
5 -iikites after reinoval (roin the stoinach, thcy still elicited positive
1eslol.es, ilt by the Ceid of 15 minhutes they had lost their effect. There
is clear indication hcre of the instability of the signal in air.

The admittedly somewhat subjective method of testing responses hy
direct contact lmade it possible, neverthcless, to carry out at Plymouth
some extremely interesting studies on specificity, which are believed to
have some significance from the point of view of the evolution of new
host habits (Davenport, l953b). A particularly interesting ecological
situation exists in the large masses of intertwined tubes of Chaetopterus
viariopedalus (Rcnier) which may be dredged from the Eddystone grounds.
In between inhabited and within abandoned tubes there frequently
occurs the handsome strawberry.colored terebellid Polymnia nebulosa
(Montagu). About 30% of these are accompanied by the symbiotic PolynooF
scolopendrina Savigny. Tests of the responses of this worm indicated a
much more precise specificity than thfit shown in the above.described
tests with Acholoi. A Polynoil gave no responses whatever to any worm
not a incnibcr of the family of its host. Tested against a spectrum of
polychactes in the family Terebellidac the polynoid gave the responses
secen in Table I1(A). It is to be noted that consistent responses were given
to the host alone, but reduced responses were given to two members of the
genus Amphitrite while no rcsponses whatever were given to T.rebella
lapidaria L. and Polycirrus caliendrum Claparde. However, one of tl'he
most interesting and, we believe, significant facts in these studies emerged
when this polynoid was tested against two forms which have been reported
as alternate hosts, Lanice conchilega (Pallas) (which is again a terebellid)
and Lysidice ninella Audouin and Milne-Edwards (which is not a terebel-
lid, but a eunicid). Table III(B) indicates the results. As can be seen, the
polynoid responded strongly to an alternate host in Plymouth waters

II
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whith beon.clgs to a tally dtillercnt famiily of polychacles tn it host.
1")) min. It did iot iespond Io i.mtire with which it has bcen destribed I
om lte) watV o fil Ie FIllCII(h ostoiS, ill spite of tlie faut that Looid r is

.1 tclebhllid. SotIje ItICher siouilar i,:formation was obtaincd with litests oi
ti lt- p) hidl liarrmol oi/ sjfliiera (Ehlers). which lives in t%%m( iation
with a tccl)eilid Amphit rile gru'ilis (;rulhe and has also been described

froin tile tichellid I'llycirrus raliJidritm. A population of this iolytioid
(ol levt Irot /-I mplrule .oArili.s, whtell tested against the host, two other
memle)Crs of the getis Amphitrite and l'olycirrus 1oliendruim, gave u.u*

fotliy sltong i'esljonises to the host and to Polycirrus but reliuced re-

S4l)scs Iotwo tcrel)ids itn the %,file gentis as the lohost. This exp)erimllnt

and tle al)ove-dsclil)ed tcsts With l'olymnia yielded some mo.t interest-
ill.. ioronitliOll, for the saIiic phielnoncnno ippeared in hoth: Somle

.ymliteN lave Ixptliations living with unrelatetl hosts, let us say A and
II. A syiliote tcolet'tced fion A nAmly, however, give Cqtially strong re.

I)4)nses to B, in spite of tile fact that B is unrelated to A. Firthernmore,

said '.)yllhiotes may give much stronger responses to tile alternate host 11,
tha i to) A' or- A", nonliosts in the saue gentis as A. The signifitance of
this sort of spetifi it' in the establishment of new associations has been [

tlictilssed elsewhere (Davenport, 1955). Put in the simplest way it would
seem entiielyi' t possible that the fortuitous production by some nonhost
a'limal o1 ;k metabolite similar to the chemical signal of a host may very
wll lead to an estal)lihiment ofi an association with it, all other factors[
being favoralie. F

I lowever, dlawhiig conclusions fromi an analysis of resiions .petificity

is not casy. Table IV gives some indi'ation of the situtition wheit one tests
the re.sponses of tile polynoid ffitrmothoi lu,l,,ta (Delle Chiaje) against
a broad settitil of alternate hosts. Three populations of Harmolhsoi
wie tested against this spectruin. tnie from tile brittle stat Acrocriida
brachiala (Molitagki), one from the holothurian .eplosynapta in haeres
(0. F. ,fiiller). and one from the terel)chlid imlychaete Amphitrite

iohliulio Mallngrctn. It is interesting to note that those worms collected

11om)t the brittle stir responded with strong positives to iheir own host.
to the alternate host dl'plosynapta, but to no other alternate hosts: the
pojilation collected from Lrplosyprpta, althotigh admittedly .mall, re-

splonded to their host only. ctirioutsly enogh not detnonstraing the
double specificity of their relatives that inhabited the brittle st; I. Poly.

holds collerted from Amplite responded with fuller intensity o their
host and gave occasional partial responses to Leptosynapta and a number, F
of alternate annelid hosts. The significance of this type of response spec.
ificity remains unexplained.

Not long after the conpletion of the above studies in- Plymouth, the



* *1 32 1)cui vr~~1 Javcnprirl

-t +~ i--r+++ i-i--r ooo ~

.~CG~C~~OO O~- -

* I
*.. icc

-I .-.

-I

,-,-,-,

- '1 icoceccecoc ~icc *~ i+.r+ocI

icceccoccoc ~ ice ~ Iccccc 1 £

£

I-. -

Icccccocccccc ~ oco

c+-*.o++++c+-t-+ +++ c+c*1.e i-I.~ -

3~
-. I.- -

U-



'k it .i\ 1, 1 a. il l i,lIN;i .,k t'L 11i.1t i l I l NI i ad,

. 0,.: 1 1 k'.: k' .k S"l it I . 101CiLil., Ji lji.L.(I5 a

.c k. (J!>

X U2 1' 1 1 ) 1.1C 1

I.I .: 1 ' .(';M 1
* I UL 'CoF3N

k) /.1 !\m bI c(C-~ )1c '"1

1A - il'i klw~rkl 163) Ur ~u" 1i1
L~ z, ,!,' L '

~~~P;: ..- , by.~ I). c \.C CV ac Y I/,"c T:ile tiat

: -,: .. 1, L1-L":I U h ), ,; - ) Ci h C

... \ w hk t . I ,,'!,:Lk. klI kU ll WIIIIJI '0 IC lifliL!k. a



II

1. A: I t Ii~ x.* 1. :N ;. :0 p i piNc ;Ii,' . ,.

' :2 o; t 11/ O : i.;,,.iI ii I- ( . I::: a 21W .8 il II 12Li L L? I

ail Cii ( ;d i ;ucd ,,ixa..ni , .L i~ I ..

1 X'C Ic i A' ; ito ;ii cx~wlt i/CI..L.U ii.c

N,'.,..,.u C: N /N . LLiajt :zi ".1cN i'~ A ~/ltC ixi ;iE :

C Z.0c IN:1 N. ii..~iC t/~iCS lbL.~ A ILi C...i

Of/lL id.- LN..C tt/:Nc c i.oI/ 4.L/c ..i ~treort;lw. lc

tilk ;I. i i w a t

1;!C )\oN5 ;GC~hL d). 0 N 1ii i /i /:.;IiNo

*i"'i:x- a ;ci Jkd:;r.&l ''i.: ia:- IccN/

- . . Pe" &i" ". *.a .i

notl N)-cCLno~,

LA t..A rc :now ;Lh to ':\c ;I.c 10sx'rst 4~ IiIL UCI 1' O i~ sti



11 li I.i k%4\1~ I- .4I. N i 1,e.: Slvir i'. i

1~4 ... S. ~i .'.*~.ti L..4i c 14.i cd I.'. a lh I i( I. ;ly . i as ~I.$(-

"I, 1 a,:a.j c or aaa iC ii llAi(i!vj s i t .a 011c

.i tl . c '.a iiaiktli '.y thel~ t h iiiiiii1 iigni of

y1;:1~SV W ,*;(' W 21 lc .1 be (;Ic o i w
rcs -ns..,-,l'~% o

T : T

8..~~~ a'.. .(.:''4 i t.i t raii\cili is j4o[I ai ns tilli interlaa.S

N"', Zl, k'.. lilt a..a% ill linc.1ii 'elmcity occuinIg when~i tile alilil first

Oki :C N I _.k-"isgaiijo )di ir and ,,,urn to a ,nor, pob

N .-. z lic I .'..i I l Nclis..C i 1(1;,i )ikionbi. P I Iwa) % er ana1L/e mi' t o C de-

x 1.*; 1., Pod . ai 11 % 1. tIrcd %: Ali. W~I I cI Io cki IE I ic i Ithe :d i t.edly somec-

i~i;,-, t, L14U ac m" e.inictt'I of tmuak orl paer unlit time int! whell

U .d 8 a idC~dLId.inlge ini IW Ikl (il Chanige Of cdil'cioli. As Fig.

.4. 8 ~. ~.~jV~4A4 .~Vtra!,"L, ini ai I)ost-L, beCIL Stream. 'The".

(I'w. .:eaa.lji.Ci i.o~-abe.led :and nonl-hobtdlabeled
:i.'.tri tu.ar,. thec suave Sir nuiol fICqllnftI> thn away from

* .. ' .c. .,hte W7Ji.'ii.~~ an, flidngIJ ouit a/f thei hiblabeled strcns or into



ih. TIhe st.w~t oI;1- of I.li,- IP/ffihIk ;lic z1alfloi 0iVh(I&IN 1,6ji.'1ig i

')11iC l~ I~ aI~C Iijy'ilISe ( 1 jJO;CillV (l[ riX1! o" n ildoI);ihI I~(If% ;!ii( ,11-'N'

cawied bychiII'ctansignclal Cemn ietic rouse .,i~Iii ~e 1 i~ce ofless

,11p4)I(.ice, ai] ihow~h there is Clear evidence drhit a "irct" (irtholkilctit
repnsc (inl which linear velocity is directly prCoportionaIl mc ;ntenity of
btimulation) oec:us when the wormn first encounters host.haeled water.
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.14 1~~.Lil4 1 1 i bI. .i .1N 41( A.. I I 4 i Ic WI,1II1 I'i.. . l4 il

VA1. Syinbio.;r: A Tool for toot irnvuigai. ul Lrc

Phyoiocir4c; Lelivioral Pcm.rnzna

T)14. .11,oh'c lle%1 ipltl itg o o ll 4- i -,Wli o

-ka . m jd ;, 'I'll li .. 3(

lait.. :i~ as ;1 lestlilt ofL TheseC ce\;cL 331(3, d1w '(V3A1 11.4% 14,.c

('Mrll3Cly illicl-C.41C( ill onI 11)41e phl IV.4)Ii CxhlI,ilcIIiv y. C 43 ,. h.13..(.'(

(h]1ango 01 djile3(l v(aries dac4 Il\ with 23(3 C3I%il ', h%jl012.l.,%

;mt) tecl the 23)2(iCt ofhI Nti(C31 of p)h~si4)Iog;v .323(1 bco4,vXo4. 11
'ways'~ 1e kcjh) in mind thm, by de finhitioni. Ohw Ihiel n of hI ~ (

.I lliling, is findln . H th' i12. % ill( (aw% , '(hdiIl 1) im ioul 41444 Ilivl 4l. .

poiil('Jyj~ ol( (h2)(ti0133I st23l)1.3tiol hI Ih(('31 ciiel 33.\climoil..aIC4I. T133%
tA hive been doIne by -De)thier (!9.57) in his 2123i3 13iC h

the eul CEtS of feedi ng dideil InT~v3I rI;I 134l5 4) ol sn0W 313 Ito the

I'formfll. T11C piIhiogia -lalnr clit-ihg (1)2% Ic&%J ls 114 1 h)% Le
.3 abI)is!)e il th1e genetic codIe of (e31.3 in lpegies .ind4 Il). ol he.-S. 13 1 .i

is. the k3ise, w(e iliist pCe-lo2(C d1irctL (4)33 a31ln it) ti (Int 4j))CS) ho))4, w

tis nw.Siin)c))i3 1 331' sele41V liv avantag3:e to(it!e sp4 2(-. Ih.,I 11.1' ii.
I'eisolm~l Communica33(.tionI wVith a3 numberl)C ofI '(olkr wilC35v h

in ICI-C.C in si111 di l)%C (FI.vikel, .1".I%(4331.Ie e. J.

tion of1 theC WLinw1y of a (123CC k2HikiI)Csin 23)i)23gkg aiunn ;q evaion

lit o): ,,ear tne ponint of 1ii.liei onum1C limi t or3 ia): h 1.I;s tO Aain,~l4

of '.J,1 1 (3333dw ilnt' increaseL.d with Ihec JACI 33U1 ih !tt 1.1,[1 .. il.l

i vlhit., 31C'('C-thcIC.. C&ul buct to 311(h'( upi the .riclt C e>;ICl1

2.i1C ten tial hiost-lab..'Ied bit3Ca 113. appear to ilId(hea ; hat. llic . C,

colIaitO IS,. leasit, the diMCEc kli33Okiaetic response% .4ting- alavie i.
C1L.C the Cralb to cokn closer to zhe stilltlus sour~ce. On-- r3112ht sup.)O e
t~iat, :n effect, any muechan~ismi which reduLces the length of stdji1 333
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I112 I)'mores Ihr oifrf

SIWV(Il 'iiil Whill(I III(, CxJKiW ltM-l 411111 Ml I h (11 1iliwts I
large 1llinIIr of~ %iiigli olga.llisills wa FInliled onlly by Ili% duCXI(vil il,
Nell ili 11 bIl) rop. lot.th olpplali 1. 'I'ltcle is, I 44)111W. ill siilh 'i* II IS~~%

nIt il I iSfh) iunil o~lesvl ll (oII olgl llislI Io (lop. pilst m' hlng ;1%

T11hese Illira~id ia WCm Ii SIWiI to tla sd I a aIjri1~i a tCly I. 1ui1 )CI
sccoiid. N olill Iy, th c paLth of a Il mra till 11 in ;I dropof wae cr is sira ighlt
anid inolvcs bimooith glidling inolit more nr less dirccly front mcnascits
to mfenliscus across a drop. Therc is, of course, no reason to Mssbumc that

- .~ tinder natural conditions such an organism proeceds in a straight line

NTREPRODUCIBLE

.B1
Fit.. 9. Tuso-secoond expnslllc4 of the (racki of the Ini~uCidillM Ofl .CSt-/sio'nn

,,uisoni. A, ill a water drop. SI. il filiercd extract of whole groundl host snail,

Australorbij glaiais. Al the right it. B the "uhirling" activity frecitientdy exhibitcd

oil tiru ciicounlcring hoil extract.

for aI long pei jod of tilmc, but Ilesul rh'less a late of linear velocity ill

exccbs of 6 ineters/hour most be of some ecological significance in the

diljcral of the invasive stages of this dlangerous parasite.

olthe klinokinc-.ic behavior of this irdracitlium, although Fig. 108l
shows the marked change in the rate of random turning which occurs~

* . when the miraciditim is p~lacedl in extract of whole, ground, host snail.
* I Here again, it becomes absolutely necessary to find otat how this response,

which appears to be relatively specific for material from the host snail,
helps the miracidium to find the snail. a ytmhsbe

Recently similar apparatus in which the' opticlsse hsbe
* reduced to a minimumn has been dleveloped for thc writer's laboratory

* (Fig. 10). This is particularly well suited to the recording of pathways
of organismns within a wide range of size varistio-l between about 15 and

797
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Nelotil) i and ii b'le a o dlt hrouih tle ivdro al tol the le

Fothie lde in mtinayo fet the otntil organsorn in the do ytl

photocell whidi ic~uht from the scteigof the light ofthe scanning

MICROSCOPI
FOR VISUAL
OBSERVATIONt

MRROR / ] AMPLIFIER

SAMPLE IDISPLAY lUK CAR

FIELD COVIRtO 4 14m
RASTER REDUCED APRO.25_

ADJUSTABLE TIME TIME BASEI

i RECULATED

I. ) JOL fia~gram~ of the ~caiinug aIpraattis.

bcainm by the om ganism~. One tanl therefoie recordl the "nornial' pathway
oI ;Ill orgallisI1I mild tlemi recordl its pathwaLy tinder directional StimuJlIS

Itin 11 st ozg l ight beam. IIn strongly phlobnixsitive organisms tile nu Lmber

ofI oIgilm islIN oil thle viewing scen decr-eases with timle when they are
tinde1r diiectional illumination, as a resuilt of their movement toward the
light 5001ce. One has bt to take a set ies of photographs and record
the nitniber of cells inl the drop after the passage of a number of fixed
time Intiervals dLinIing which the organisins are cxposed to the light beam
ill oIrder to obtain data on this rate of departure. This will be a function

* of change in linear velocity or rate of change of direction under the
ill LtriminfL. By this technique it will be possible to obtain data on the
effects of variation in intensity and wavelength of a directional light
stimulus.

To date no further investigations 'have been conducted with this



De PIl it rirrtf I DaT4 ? po r

of 1"ijItr i ig O appl .1isi % not ellitjiiv Io1 give I0% iiihitri.1iiui oil Ihe

a, isii i it! Iklinoii liiciu 114.11;i% i'li 11%ilig Ii c., o Ii l ool iuigaiiSIii% ill wili 11

ti1i I e~i i~iaiihl ill'ItVlig a dli (ioialn dloite Ily tile oigausilii
.kO: c's likely iani ini all migauiisni wvith syiiinncnhally aiiagcd, painid

beitnC oigiis. But jliNili tilimot bigiicdit biologicall reClitioilIuil ill
aniniate inattire involving chemical tingct-finding is that between c;egg
arld pr.Significant advances inl our tui'erstanding of tiic comiiol
oif inuvement of sperim have becin ade by Lord Rothschild (1956) Rnil
Briokaw (1 959). For the most pail, however, the~se iiivolvc the tc~ortIiing
of thle behavior of numnbers of inidividuals rather than single indiu'id~ils,

- --- -although more recently in unpublished work, Brokaw has cast much
ligit o th mahinry ovening thle behavior of individlual fern sperms.

It is hoped that future modification of the apparatus ksciibcd above to

increase tile efU'cicncy o[ the optical system will malke it possible to sc;An
and~ record the activity of the single sperm cell uinder varying conditionis.
The importance of obtaining mole qjuanstitative data on lincar velocity
nd rate of change of direction inl tile intlivitial sperm ccll is uhb ious.

Thle above has bcen presented as ant intdication of how thicepr-
msental appjroach to behavior in syinbioses call advance our uisccistancling
of fundamental biological phenomena as well as cast light oit symbiosesI per se. Tlis has not only involved such phenomena as the physiology of
target-fiiading or the nature of chtemical signals, oi- the above-described
bioassay of spectra of hosts. MN-any other types of biological phtenomena
can be investigated with the use of symbioses, and we may present two
types as examples. Fundameintal advances in our uinderstanding of thle<1 necurophysiology aitd the behavior of coclcnterates and of the control of
their so-called independent effectors, the nemnatocysts, have been made
with the use of certain intersplecifir. relationships involving coelenltetates.
Invertebrate zoologists and students of behavior have become increasingly

interested in gaining an understanding of what coclenterates can do.*1 It has long been thought that their nervous system consists of a relatively
simple nerve net; as is we,'l known, Professor Carl F. A. Pantin of
Cambridge University and his students have investigated coclenterate

neurophysiology at great length and set the stage for morc recent
investigations. Many neurophysiologists feel strongly that a thorough
understanding of the function of the coelenterate System can contribute
greatly to our understanding of more complex systems of organization.
Theoretical coelenterate nerve net& have been created recently' and

studied or. computer systens. Perhaps the nwos inspor~int and indeed
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*..lctit id y Rom. (1910l) of ilit lllliltl~ty tl( Allwrla. who11 hias ;r

a 1lesic..IItIv~t-g;II cllI1C~5illopruu th (irw Ii ll-Slig.1111

1i1c i(i itIIlh iltg 31 t(li~t l,II mo laii laiUJ aiii Ira )CP'Plljigrir lir

10,11,111%i II Ilich- itlItl, C~CC aiPftlirls 1ifkC15 litleo nCoil 1flt iveus]ll 131 ic %hull I i si ilcl ill l1il ( ll.~c t146 1IM.3iN l of wii Cn li rs 11:1111110

shil l 1. i i IN sOC a the lltll t (111111,i 19:12) 11iiiivi li (19tit,' midf~lCI
Ml, (&)11)2 t i 411 iid 5t istI~ tsllg 1i wtldit ed bys o ss1.1 w ord hs

si. c lt dit~ (l.tiitio oix tousac phsooymc eairwsIC-

1.11.al I il3tit (lbaci whei~ A b-.*uI r~irCis ta ed fli Shelo , noprts tile

aci.'st )whi It.33 313 'iihc oiltc is liimie (ofy Ili.l kabe.o An alial frnt~ a
pial fiie 01Stloll ll thc iit1 it 33ll hmt I'll 1a iold b the ange oe

i:. Is wlt idse ald o ilcting Csfothi olld e tc to Spe oss wordsi ~
C 3 C(Ly ik ;uIft (is Iilhcsesst Ohe UCil p oe mytaemnyIOrtada

"ctI Ili admct by the irts wom hich liAtcl of ei nsusculr frctont andlS ceetin

cream ts msctill tihis tlwosa Iii a is te samilei asia temto plyedg by
.-lctti, t equtaril Amit s,, ta. onrlcd ttese oihoweby the ed

311o sC itt C his all ackirs mTshe catirc slowly bu 03ay talke ay houtrsi ad isl

it i, hinumsr, %till becatise the attached toot is virtilally immnobile, it is more

jtelitie1t.

'I lie altathhment of ail tiiattatheil Caflhari:6 to .1 shell occupicd by E.

jo itc'ha nutf is %. tlilrm mit inideedi Fati rit (1910, 19~32) tlcacilsei this brici y

loit li s he csrtt oits First ab tooenaout. Thplos thecSulrfaach-

th helvir ticly ttui pad i maiyo hrn antadher ingth elta peas and

g.mnim neniticmm, fokimroral dtaisc t ir oth tom ]do the anml
,,l13 it ils It tce t shelpii we ilC crai moet aboutr. OneThis isoa atch-d
iol.t'C icshp sililtly a fe 911 lei ilodgd ve byrnc ttahei mos whctile

ipnient ma dic iscrab. swl.Apaety h rda ucuauccn
tia tis ayil rgak ts toI irurics margn d its oe aeitncles atlo

wbcolia of thiclmnhich sinra anc A oother winte bres the pedal s

upj tit the shell so that the animal is becnt double. The pedal disc, meanwhile.
Iii-efit-i greatly hlislemolcd and begins to adhere to the shcli immediately
cotact is erstablished. Within ansother few Ininuica the whole pedal disc has
spread out, Its swollen sutface and edge becoming bedded dowsn firmly
to fit the grooved, often encruated, surface of the abel. Finally. when, the

pedal disc is firmly attached, the lentade, and orall disc let go, and In the



aIsi ll- 61 ill v~t 1)d r Ih ''n rr

Ros%~ .r ,.gg' . g ijpI.. ifde ol lwc hvolgni s aii'i cigl of iI li% ~~ip~

);Ii iiilair. amIit lpv4iise Ili i itiii itl 'y o1)sci( yed Ilba Ilit4iaru % bri ii.
ItoirIux ill ,I)I'l~,uith siili ;Ipiiirllly does niotinig to aid tile tv;itisler
ii [Ile ainciloiic to (lie shvil.lieh was eiCliletl to 4i0iiteiitirii hlis tiil jie

atitenltin l il e activities ol thle rccemuerate. Only thuts Wais it loiihlc
fori himi 1o (Iim over wha~t we agice "is'tsmely one ouf the mlot inukahie

l5)CIMifl 1);IUtCIS to Ibc folund ill tile noinally sO.~ile .')CliatC
Iinitls, Th lis work in (aGI has con sideriabhly broaden ed the s ew ti in

of biehav'ioral attivitiCs that we know call I)C performledl by an hinianls,
fbr it ( Ic;11ly invl'-0e'S t least rela tively Specific recognition, followedI by
an-il integrated and Looidinated act which restilts in thle ancillonc: taking

-poit ion oil thuc shell. Robs has shown that it is thc periostractain Of thle
ho0StS Shell which i the chemical "releaser" for thle activity. He has
CVCU been able to clicit. the attachmient of thC tentacles, the .5C)tiatioi)

of the pedial disc, antd the beginning of thle climbhing activity by mnciely
lirillgilig in colitat Withi thc tentaclcs a piece of )cliOstractinm whit i has -

beeln r-cnsoved front tile shicl, dried, aind placed inl .1 box for ei

months!d These researches go far to suippot the well-known investigations
of Pint essor Pin tinl whichi have, of l course. ill ic;ite( I tU itSea a nc111oneS
have a fairly winle wpctirhim of behavior. Bt it wats lnt uintil this behavior-
of Collinchis and[ that of the anenione Sioyniphw cncrinva iNIMC wler ce
dliscoveredi, in both of which a sequtential series of integiated behavioral
acts are performiedl in a relatively sht timec, that we had an op)j)Otinit y
to grasp how iMportan1t, specific I-ecognitionl May be in these animals, or
that the~ may indeed perform highly coordinatedl behavioral acts with
-ill ad~iptive end. The work of Yentsch andI Pierce (1955), Stind (1958),

* Hoyle (1960), and Robson (1961a,h) has (lone much to clarify otir under-
standing of the fascinating physiology and behavior of Stcntp/in.
Although in this particuilar actinian a negative (cscapcl rcsponse to at
ptedator is involved rather than a positive response to a host. the observed
phenomena are so close to those observed by Ross inl Callinclis that they
are worth mentioning here. Stomp/tin coccinca has been demonstrated to
escape front certain other marine animals. The anemone responds to con-

* tact froin these animals by lengthening itself, separating E~s disc from the
suibstrate, and literally swimming away with ant active whip-like activity.-H li the Pacific Northwest, where much of the work on the animal has
beetn done, it has been demonstrated to repond with greatest intensity
to a number of starfishes, particularly Dermasierias imbracala (Grube)
and Hipp'uteiar s .inato Verrill, Dr. Robson (1961b), working at the.-
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.Il lilt' I'l l 141yiltl#tDii I ll sngit l ol i l II tL lie In 111 al;111(1 1' of l mIl

Emt '111 1% t-i I IlL as~t il Iiu/ 1101II(A (1011 if I they 4 io thr ;t lxoi

Il 111 i .l 1k'i ill I)Iat lil (..y o l hs plic I st iong nia I le % a,1c I (nont' . o
I111C I'm Wllt Al Wpttill l i 10.1 iIll (V-y) %i eit.11 rt*'No (II- t 11 l ):4 it IEcvw'

(o x, t.ll hc e in lb thi t h e o staiislis (ol h rt' ;it~l i rc ilieOlec % ))i
C '.y iti oi Whichi s [loillhi tt aoti d lcvciith y d there '4.0 ic.io

liutghtiisit ol I(0 eae.Ill4)Wllidl ('it't mu nit ILI'L~ theseIX anill jiil. Onte

's I X)4'lcd liie itS)Ld('tlily.pCll ibit th 2(1enio tileti e c lCl(.tjby

a 1,) diilt)XII whichis el byitcist (hplo(itl 1)),ogniti. Rolhso hill

showil t hat (lie t't cijt of this themiica I iiifoirriatiois trigger% dic activity

of a patelltker" or center inl the basal region of thle anemoocn. Sim~ilarly,
Ross has dewitiatecl the impoit1 ance of tile basal region OR Cnlinctis

inl the infot Oblttiol exchange which triggers shell attachnment w'-tivity.
toI the etacles afn allaittlil froin which the basal disc has been removledI
fail it) atladi it) the hlost shell, while half of an anemone which has beeni

It ,XlSCt fell a long thle or !'bonal axis will StIC(essftilly carry out thle CXiltir

.I IU(hlliXt activity.
We~ hlave diltetoi C Seen how with thewe two COCICntCriLcs Somle l;tliel'

Itilt 1I ata ot t. dv lices ht e beent otadc in our~ LI Ihist and ing Of Lihe
ilci),viollal physiology of the giouip; it is dleat that both Calfiarlis anld
At (iia/)li aic;dlhi a bly sttited to hutiter inlvestigations in Sensory.
pli, Xsloogy, ilfoillialloti tiallsfeI, anld illtegX.Itcd attivity Con~trol. Uitit ill-

\[llalotic A:I. ot ogaXllisms ai shiowinig thslvesCI toC be tisefuil
IIil it iil\scsLig~tl0Il Of IjIsiC j)IlCt'Xll)X~t It; ill tilc biology Of (OCicln CIALes. t

imt wilh ll ttt Nom h0 it ighly iliLICUt i rig ill foXlI I) itn has becti Obta inXed

tt iiin ti atis Xiv oh those XmnujXoe defensive anti pX'ey-tJtatrlng

strutiics i~', tile niCXlalt0C)sts. *To ut-Cstandlt how it became possible to

cuNIiIli~l tile totioiltbility of lneinatocysts by (ertain coclentelates. SomeC

ciihi tte~tX miticilts niust be tdescribed. lom tile begi nning of his interest

;i s1 mit)cs, the writer had becn fascinated with the symlbiosis betweent

tcl (aiX gialli SCUi aX1ctllofl (Sinichalis sp .) anX Ia number oL' gecta of

ttlllatclitid fishes. particularly the genceia A rIp/ipbriofl and Prenn.

* 1g. 'i). Signiicant observ'ations oil tilis syimbiosis ha~d bfeen made by)
Nuitr(8- ) Ver'WCY (1930). anti Gohafr (9).whot had given it somie

koldeof tile ecology and behavioral CliaraCteristkcs of thle aninials
1i tile partnel ship. In 1947 Gudger reviewed all the observations that

halid been made up to that time, and in 1950 Baerends first speculated{



Ill 1958 tile aiiiihii hadl uhe opomm~sity to woi k withs Dr. Keiili S.

/hi ui l~ jt~).iA sioimgc geii alilnoovi was ;i~ia l r cX14i i.
lliu iiin. Abouilt a1 doten5 iphlsirimi lur~ed Nei cI in'd ill ill(,~I~

Ii mc~~~~~is whl i ch hadint been kept t ep. atcd Iio tunhei r lIosr~t for sc vcl ail moiinn!ls.

WVith t hse anihmals it was po%siblc to demnnti a!c thsat fhr i% a
rapsidly actinlg, spiecific, hema-labihe fat (or prescilt ill tlme ilil oil tile
stmia(c of tile fish which issarkedly raises thc threshold of clis ha~rgc (if
tile liost's nem1natcsts. Fishes wvshc dlo uot I'osses this factor (i.e., otc
species) ale immei-CI ly stung and Caten. Amphiprirn arc immedia~tely

s~t~ng ad consi y ainemones suich as An1/iopIira again.tth

rieniatocysts of we.. the mucuis of Ampleiprion is ineff-ctive. Thle
-cxpcrjments to establish these facts were at the time, of couin-ne fascinating -

to perform, but tile results were ix~haps to be expected. They irmt very

little light on a problein which is of tie greatest initerest to the stidcnt
of invertebrate behavior, namely, "What can a coclcnteratc drn,* Yet
obsei-ations on thle behavior of the fish rray very possibly have given
the first insight into possibsilities in the coecnrterates tip to now tnt

foresecrn. It has long ago been sliowts that a coclentciate will responid in
specific ways to certaln stimuli comning from the cxte-msal Cflvironnilt,
hill it hias never been clearly demonstrated thrit a coclentemate cal stoCre

Ainformation and nmdify its behavior in accordane with certain inlforina'
4 - tion previously received. The wI-ter antd Dr. Norris repeatedlly observed

-cvry particular typec of behavior on (tile part of Ampliprion prrcula
dturing what we called the "process of acclimation." Very little indteed is
known about hlow frequently this process occurs in natllre, how much of
the adult life of these inqitiline fises is spctt in a1 free state or hlow much
they miove fr-on lso~t to host. Btut when the indtividtial 'rinacclifliated'
Amphiprion percula was intiolucetl into the observation tank wiht the
anemone, a fairly stereotyped series of events occurred which terminated
in acclimadtioii. To qiote from Davenport and Norris(15)

An unacclimaccd fish introduced into the Rlik a foot or so away fromn uhc
aioiose imially approached the aliclisusse within a few Ilinmiisu iu d hutgin1

tiitilike iuik iionnssd use nutimin. asid zicsionally ovecr (tic tip

of the disk a tti t-icr sor moire awsay (roin iti he leumac. such fih isij

itiost o~f iliscir R ime ssiider the disk at this siagc mid sometcimhes wes c Reeni
ihipliiig sat thc column of tie aiieaine. %lost fish seemed to "rcogi'c"

the atinone within a few mimises ind swam toward it. S u A he puo(-'s
proceeded, passage over the disk bcamc more and more freqcisnt and ihe
"acclimating" fi moved closer and closer to the tenstacles. Swimnisg was

accomplished by a distinctive series of slow vertical undulations, In which
the tail was usually held a little lower than the rest of the body. Eventually,.-
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%iii mlt iml l I'd . . Ii 0 11, ii. 11 iii isl tt j' l l p .m f hit is tmo

ihiiill ii~iill me Iinl'. i lum mi amm~ti itim flitim m s , ?mif will Ic If. 1114,

Iu It I I ,I I I m I "ii i I I 1 , i 1 .mii '1 1i Ii I Iit m lIcit I imtl i Ii Wilif thI' IIm ,

%w1 Iii~i i.itlt .eofi ifI.N iimlii qiemmmmmiimeole off tit- liihiNo all ittill-

lil imk m ems I file iilad .t . .

i im ns iiiitl timhiumt tlii ili itjmu~miiv lamlie cilisKltit tinmc to like2

1,111m'i1iii. 14. 1 tu ll ii tieii Willi l .faimig ,.'Kilaiy. Time iuattioii tu the i

LIII ii ii (If tt'ili.uitICR iis.m iii IUS% 91i4 Iii l~sViOilii Untmil A sititin itV liIC oif

Iii'. .11iik.mli sml) Wall tile meily mit'ttiomi gisemi by tiCles 11. Mollath~ig or
tlplomg of Iiliviii wa. 'fteit oiuwrsmmi ill tis anmd latter slagul.

Tihe i iiulmig 11141 CMIiiiilti7tjrs of tetatkcs ttp30f COriitt with til, riliI
gim oiul% k ikuiiii lcss util it ccawcd atogether. At the same timeS the fsh *

tlip to s~mi tipco I.m ml mg tile teeiitudes. usinig thli sanme slow ut'd ilin rg
jimmitcilici is at whenm it had cm ems'cd aiioi e tie isik.

Omime time fimsi was swnimig in f,46t consvitant contact with the teintacles
of the amictriurte. a %C1 i fStrikimng chantge IIIi ts beimuavicr occurred. Tac gene~ral

sists~l of 15iviim iig simtddenly increasedl uni tilte A m))i prioti wa, dashiog

i l i ii liit flhi lets of its hotly. often the fisu rtedul bciejo Ii I

jilily li immjcd ill teiii.1cs. Thea fih fictittetly mitimtined tii vantagr point -

4 ~~for a few m-coiilh, iihiiig I" 'iol with rapid alternate fannaig flOmaCuit

i) Is pm-itotal fills, After w, t imight ihtib onto time disk again for ant tier
fmliJ% afmnimg like itoAdCi. line poweiful Swimminlg typical Of tisi Is A,:
tf int th iatmio proess was accompltiulctl by> ratpid at'd strong lateral ltouy

hhnmci. 'I le imupressiooi givein by tile swiomminig behavior of the fish after
iu.il acchiiialiini was that the fishi was "bathiog" its emntire surface amnng

TIis fina aetisity ws so iiaikcd, s.o suden, aid 5o (dramatic tsat

-. jl ll.tgi lewsolvd otcl ierjidro hagii
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Iu I t l4 111 ill sI hr I)#isi ( I irt a1 111 a tI im) t h ; I , III i l I ItwI ioihi ,

N 1% 111i l - a I n ,i I it't II I ilti I II IC- I. I I I IIt I lit) .. 111 lit 01 111 s a I I ;% 1If F%4'

cl ol l Iul l cl ~b 11) 1is ki iII1is. Ilu I i it il Ille aiia 551% N I 'lltS ifh# diel

55IlobfliS (4 lot w1 'i51. Fol this paritlttl. j)Ioietll~on it) ilettie
Ibi41111.: % it) Iu. uhmsow'eed it w;I% nii: ss~iy to Ilse foitt ill whu (It iildoiiii~i-
I t4mI it1.111%le w515l. litisely swvillt as is so) giftei tlii ill (ovicuteIaxt!

* ~~ulsnlI lie i MCi If )Ag I it It ;IA Ia l ittIuiaI. As )'Ct. it has1 not been'l
p I Cihle o detet Ilute [Ile ltle niecessairy itt Calliartis foi- thle transfer
'l it I1tt 111.iu 1 toll nn il [to t 1 :1 (list- to tv'iltls IIII restllts in tlie

iitltitii (11 shell-selsiske IeIltatjocy)sI%. hukt Inl-C rtIii I)'.1y ROSS andic Slit-
10, (l't), 1) hlave shuownt that ill somec follits tile timie foi. soch infriation
ut.a :sl er III. I be ex(I reltielshoul~t: wvoiking with Si.tapdia lhey have demon-
N~rlvi t.te~hat those lie'liadttitVts of Siwuuphin wh~icht are sensitive to tile star-
fish Ila hit i its tile swi miuig tespolise itIre 1.ti(!ly inhibited by tile onset
o1 .w siiutacivi ty. Thixis in formtntion transfer operates iii termns of

"c(on(h. liuce Sems eveis reason to believe that in this case as wiell as
inl Cu, Iliutti s thle j tilt ibit ion 'k tile resuilt of nervouis activity, for inhibition
bNhi l tociial aictivity wolid hie too slows.

We ha~ve seenl that the precise I-Ccognlli of specific ChtemicalI
;ogst niaN- lie very mnth a part 6f the normal behavioral b~iology of

ocenteiri is. Not only that, bll we have also observed that (his recogni-

ii01 It) N Iti I ('Si t in ii )It Ii igil )' tilt iqtle atdapt ive beha;vior. Is it not there-

AlIVIIItiutIN M id thiir init(ii ie fishes, thle activity of the fish may in some

Wdyi be diilcedt ce.itg vet ogititioit of thle fish by tile anlenlone? It is

St.Alihes V k".siy ilattempting to find out how the symbiotic crab
IIyfu% 1IIa 4 (L. ;Ittins its protect1 joltfrom thle large Sea .1nemone11

I'l ea/ i ll (L) f a larg Iiit is expandled in an atiliariultt with bt
.1 (eitiiw tf wac 'r covet-ilt thle tenitacles, one may drtop a1 Hyas
d (It!) nto die(ist: of tile :xnciione without eliciting any response

whttt:.(i n it, If one (hopts It specimen of the common shtore crab)
* (ut,i Fiaria (L.) ointo-thiC ran, it is engulfed in a flash. Ani attemnpt

* ~w.is miade to (discernt the method whereby tile behavior or thle anemone is
nut xohhecd tindoer these circumstances. As in the case of the nnemone-fish

;Iaitnershij) tile anemnone exhibits no overt, easily recognizable response
to its plartner as does, for instance, Callincdis to the shell of its partner
paxgtrid. The only clearly dliscernible phenomenon rebulting from the

P M. ..... ...



M*1ito AI lld c i a i% il(-I nftirr. f)f II(lo;S i

lIil d biI(o1 ) o ii!l IIt t ;s l O 1iilm cls )iilih l 11

jis In)O lixvely urev'ut luItiilai IcspoWII)5Hc alillc iilp
livilatt)NN( ilagC Ii ig;4(Ls tile fcttlilig rcsJI'list of 111C ;1ultRIOu1ui.

ILla a Il I. 411 ojijitl oil a 71-W/jO 4talI5cs ICdll iIClIIIlO %t (lisduIi 'C .

I/vax1. gcnerally %itk% iauilici Ninily to ilhe ttu(lvds andu (;III 'ily ynij c

-bit) w Ii iliculi y, walkin g like a ia iiui in ot Ear, yet oiiiiil ha
is tO Closuire lespuiuse from II ilte llmnhi and 1 nfoldl" 1,[i disc.
Everythinig possiblec wxi tricd, siich as dipig a "mi''U; 11a it

cause hummediate closure). When such ais animal was dIroppedl, nothing
-happened. Thc ancinoilc simply "recognizcd" its jlartiler and no sign
of a closure response occurrecd. It is obviotis that we must learn a great
deal more about the abilitics of coclenterates before we can clearly
tindeistancl the machinery conriiing symbioses involving them.

] VIII. The Role of "Learning"

We mist 4.054 till oit . atteintioni tos the pioblcnm of thc 1 nic of
leurn ing and associated i enoniena in symnbioses. Twenty- wo centimes
ago Ithe Taoist saidl: 'CreatureCS with nine chantiels of conmmunication
'Ile born from the womb. Crtannues with eight ar bc orn from lic tegg.'
TueJl proportionality of comlex~city with ability to exchange (and, indeed,

A stoie) information has becn undtei,,toori for a very long time. Obviously,
the cxtent to whidh thesc phenoiienia avc important in symbioses i"
dlirectly prolportional to the physiological abilities of the major taxoiloml.c
gr oulps to whdich partnc b- lon~g. It cinerges flot the ijifot mation-stoca ge
abiliis of lower phyla have in rccit %eazs been demormtrated to be
coinsidlelably gsc'ntc-. lan had pievioishv been sinpcied. As early as 1910,
llruncili, as 'Dthoa ' (1O63) s'ay6s "was forced to assutme an elaborate
instinictive organiation to-geth er with an ability for true asiociative:
memiory" in actIlliallS whukidl I lmb onto their hos.: Crustacca. Such as-
Slinsilons for the information-storage Capacnity of as simp~ily organized
crecatni-es as aCtInians have to aI great extent beens reJected by 7zoologists

since thte ttirn of the century. H owever, as we htave seen, Thorpe is (uite

correct in saying "the matter shouild wscll i epay ci itical study' anod expel i-
ment inl the light of inore reccl k1nowledge."

Th'le variotis typecs of inforimation storage have been catcgorized in
a -mUcr of ways, i.e., "habituation," "associative learning," "liwtt

learing" ". .insighst learning," etc. We ma)' assume that of this spectrum
J of learning categories the fewest categories are exhibited in the simplest



alilil..Y t.a i MI- a in.111) *r e . by . .- fil thatt

phLk 11111 h aba;itiuh)Id. I le says: "iThe neglect of hie stiffy of inverte-

brtebeavorha glbia l mrsso ht ~insu Of learning " (wh i ich ~ii

livcd ~ ~~.1 (EIIJliaI( byli the beaavior)s "is a chrcfrsi viewil fcltyhrdyt

he execte ill s fr justl thlila ralon. CVot irste, uto i eth

ilalatitnllOd.UC teow see wateance asofihi smIioepbition may s.
Takil" oil. relcativel Macim-aszI~ wtaningrof ae se as tarerso

sl th simation hici s note flled byakin of lerig rbltesnforces
s~iillos isalioto th. Ctomlated rltiebeiora noint ano iei

'11 exsts fr osonll (hts *rasn hat sdis tnctu atigue nd
sensory adastaioe v Thave b, ifc. ciiTerd tpete are noiole ei
tis t~' of iforenatinceorleayb of inveotiganion patclargly ngetdsceJnin'

(LIVof phltiwichrleo ertin- an ssociaLd hnmna in inveirrtecrton

(maiTthe andDenot, 19t65);e o hosts. rcie oled hoheig i
symbtic parcitnes ar simn factiity enolithel aprnmonaches. liinmbin
of highl ic nteroesay bxeiet tov ten habituation ofwhhos tovryn
wsj) ring stili coingar uon the fish. i whics h (1 nf1otaketsom isae t
Dlay be ofu anmporrisc (1t)ou the rolteane of thmies rotective muuscat
oefie "a tpipio iretieg iterannt thefeing activitises of iets of
aii rpaed hemuato whiches not followedna dbt ayknd rbe n orls;

int Imt is~r hpeii o nt meintion is anmelthodl ofhndling anshes wichi

ittri al to nclud trvsion al ah i n t anemon e hc a ve beetnc iote from u an

Itirt wc m os trae alw as , utin thee ishee y onfreston tactue ifa

thofse hav ilbhicertaen dsitedfo ilermhostintiviuas protetisn

jmt, ea nevonae fmy establised; ot wobusetiaonabtehot to

auethtad asoris lear5in ayth ale of imepotnctie inc cot



it) it i,. im siting. whiile aI lish iaketi fromn ;in il lie, ailcililcl oIf lilt, %aet I

IC4N.tiA% it% W Is % it% I77~ il ofe II u assllt iol (o wrililSliCl

ilifoiitii- s11tora~g(. caait~lie of 41 (lUIUliCI.ItCN lhy Ilsilig .yllillili( Cor

piredtlior reiatioitlips involvinig thlese aniinials. Compijlex integla ;ad l)C.
lilivior occurlls whlea a center ill* pacemaker is simualated by slw ilic- st imiuli

routling. froin host (or predator) contact ill (.alactis andmi lolif. It
should hle p)ossile -to comine~n tlw spiecific stimulus eliciting this actilvity

with ainother stimulus and plriil) ultinmately replace the first with the
Seoiu. No one ha~s, tried this yet. Someone shiould, for suchi an experiment

muighIt establish on1ce andl for all the existence of associati-c learning in
(ocecnterata.

Associative learning hias beeCn demonstrated bey'ond a reasonable

dloubt in latiorils andi annelids. The researdhes of McConnell and his
colleagues (1959, 1960) in which it. has been shown not only ilhat "Con-.
ditioning. takes p~lac through~out thle sonia of a flatwormn rathier than

just in the anterior ganglia, and also that such conditioning may be ti-ans-
initted when a trained flatworm is ingested Iby an untrained flatiworml,
havre changed muach of our thinking about the significance of learning
in the lower invcrtebrate phiyla. jacobsonl (1963) fins recenltly publihed
;anable review of the role of' learning in Ilatwormls ind annelids. TO dlate
there has been no exp~erimental work dlirectedi to the role of learning in
the control of symnbioses involving these aninals. buit one -anl hlardlIy
dloublt in) view of the above explerimlents that in Symb~iotic species somle
coding must exist which. helps to "cemnentC pa~rtnerships. Thle importance
of separating the roles of genetically determined coding andi codingI
resulting fromn experience ("olfactory Conditioning," imp~rint ing. highler
learning cate.gories) canl be Observed wheni we consider thle life histories
of Certain associauted animlals which are "active seekers." Environmecntail
Coding maliy be stipeiiposed uplon) a geiietic coding which involves, at

lest in those animials that hatve free-living larvae, a precise resp~onse to

the host Which triggers mletamorphiosis. Thle writer is aware of no publi.

si f asettling associate has been identified. The genetically determined I

physiological abilities controlling settlement and metamorphosis in aS-
sociated invertebrates could be investigatedl in almost any readily avail-
able partnership. Those factors which tend to bring thle larvae to the
vicinity of the host would have to be investigated; as Laing (1937) said inl
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.11 lb 111 '1.%~i OW utitc l-t i ('tti l po hi lhii fI he~r ( Thoson per1111 s onaC ilt com-

Lit oaecatie at Illced thispces hii aanti tiuec paovistin norith Eioen 
M1.1%.i 1111c at- ievv hostd lonIe oil file hot. bt 1 of t uie oemit
Is la Li III( suthseq A ia lit ru h Itavd oe hsit fmale r 111hdg fattacher toe
Illil.tc oh th alread witotecedto fese ofem its wn sccis have al alesIJ)

iitr thei l ieveralo m(litiesAt st ifdite arisec arcl tired cctil.
* im ofv tlis itain. Ae tle larva utse fwrinch aro attracted to the it

1cm; c le asite tonot thltand wla decuprasitels ot;ied conewol sith
ilka Lil pa asit ed te i malect ar e he may ot ofC ttl rast to femrasle-

H1.11MlI~ 0 Of tile asj iy ;lae femat(ul olfeiitsil own foecie and tsl' evewap
livi lle 14)11. diete l(to X maleness. At desned toe loae are aleady tznc i-

dli tvimind a larvae musl rg rtt an Far more strtwngny;attracted togtan
.411 .o~t ~i ini Sted o',Vi)k huostsc~i tha Iprates olsi~t indeed wich woay see
tha if altie out t 1.1 larvaei they ify noe bearrate to uinhtsrit te oe f cetic
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llut'nis it shouild bC kejaL ill ildithai~t ailthoiiglt t1Cy i[IVOlVC(l (hi liiAi

falortis. Illrc is no r-casoln whlaever toasoi that tie dle iis of otheri

C-gs' ofI Ow lie .asniic wasp Nviorvrili.%, immilly ;i liarasilt of ill( mosllk
Ij~silivltu: inlto Ill'( aliiol-ttn:il homst 5V;i! itmoth Alrli,hlr (to Vli1 I; N'mrni-
li. litoill) gives no resjionse) Ole testilt lug ahilis woold Ocinonstrawt a
Strontg tC51)(iitS( ini .1t ilfIactoinier 1t) the abnormial hiost whi'i they were

facedh with ai chtoice lbetween) A'! v'li/ora and[ a blank. These workers wete
liICvCI able to demon~tr ate ill stich conitond ((111 wasp iu t~Vils an1 egg..lai g
pireference foi- the abniorina I host over lpsltia. NMote imnij it ani, perhaipS,

h'llorjte (1939) later dlemtonstratedh that one could clicit. a stog,, SPPV
fromt aitit JDw.sophilit to a nliuiih)L' of (hetilica;l agentls whiih hiad l)Ceti

intrI oducd in)to the enirlotinui in whtich they had beecn raised. The

citilCial 11oinl, hecl- is that. (Ile antimal tunidcrgoes developmen~it Cofl lioll IIO
uinder the influence of certain stimuli, and that this information is in
sonie way stored so that the behavior of the adutlt ma) beC affected byv
these salmc stimulli. There is no0 great dhistinction hctwceti das phenomenon

adthat known as imprinting (Ramlsay and I-less. 1954). altholtigh. by

definition, for imprinting to occur the developing Organism niti1st be
suibjctc to the specifically 'acting stimutli dutrinig a critical limie period it, its
decvelopment. Finally, tile experimnitts of 'McConnell ha vv demonstrated
thlat in animials of the most simple acoelornate, trij)Iobl ist ic structure ini-
formation may b~e coded] durinig life throughout the som.;. These and such
rese i Jies as the elegant experiments of 1-orridge (1 962), in which a.
single isolated thoracic segmnent of anl insect has beent ti ained to hold its
ieg tip out of a pool of mercury, have made it clear that wc must dlirect
muitch more of our attention to dhe problem of the role of learning in the
maintenance of symbioses, particularly in symbioses involving nlellers of
those phlyla the learning abilities of which have lpreviotisly been in-I suspected.

It woutld scem fitting to cull this volumine with a trib ie. Fromn [he
beginning to the end of his clalssic' "Le Parasitirine et 'a Symibiose,"
Maurice Caullery stressed the inmportance of the experimni Au approach.
All who have worked vith aninial associations owe a debt to thle great
French zoologist. We can hardly (10 better than to quote his own %Vrds
of conclusion, as timely today as when they were written:

"Les associitions iiiilitcs sous k's diverscs forincs dui coinisalisinc, dli

parasitisme ct de ]a symbiose entrainent, cliez k's organismcs paricip;111ts.
des activitmi fonctionnehcs ct (ICs rialisations sp~iales, que Von nc constate.
pas cbcz Ica forines librca. Dc IA de multiples prollmes dordre non swule-
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